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Answer all questions :

1. What is ‘structural Analysis’?

Expected Answer: 

In civil engineering, Structural analysis is an analysis of a structure to determine the interaction of members and their responses such as bending moment, shear force, axial force, deformations when subjected to loads. Output of structural analysis such as bending moment, shear forces etc are used to design the structures along with safe, serviceable, and economical requirements.

2. Define virtual work.

Expected Answer: 

The term virtual work means the work done by a real force acting through a virtual displacement or a virtual force acting through a real displacement.

3. State principle of virtual work.

Expected Answer: 

The principle of virtual work can be stated ad follows:

If a deformable body in equilibrium is subjected to arbitrary virtual displacements associated with a compatibility condition, the virtual work done by the external forces on the body will be equal to virtual strain energy of the internal stresses.

4. Differentiate between elastic and inelastic behaviour of structures

Expected Answer: 

Upon removal of the loads, the elastic structure returns to the original pre-deformed position it had before the loads were applied.

But the inelastic structure does not completely return to the original pre-deformed position. There will be permanent deformation even after complete removal of the loads.

5. Distinguish between plane truss and plane frame.

Expected Answer: 

A plane truss is an articulated structure consisting members in a plane, pin jointed at their ends and carry axial forces only.

A plane frame is a structure consisting members in a plane, rigid jointed at their ends and carry bending moments, shear forces and axial forces.

6. What is geometric non-linearity?

Expected Answer: 

If the deformations occurring in structures due to loads are very small, they do not alter the geometry of the structure. But, when the deformations are large, large deformations change the geometry of a structure that results in alteration of application of loads on the structure. Hence, the displacements and other structural responses will not be proportional to the loads. The load deformation relationship is thus non-linear. This non linearity is happening because of change of geometry and hence it is called geometric non-linearity.

7. A pin-jointed plane frame has 6 joints. How many members should be there to make degree of internal indeterminacy 2.

Expected Answer: 

For 2D truss:   I.I ((Internal indeterminacy)  = m+3 -2j

I.I = 2

J=6

m=?

2=m+3-2*6 => m=11 

8. What is an influence line?  What are the uses of influence lines?
Expected Answer: 

An influence line is a diagram represents, for any given frame or truss, the variation of structural response (such as bending moment, shear force, axial force, deformation) at one location in the structure for all positions of a moving unit load as it crosses the structure from one end to the other.

Once the influence line diagram for a structural response is known for location, the sum of the product of the load and the ordinate of ILD under load gives the structural response at that known location. Thus computation of structural response is made easy for the moving loads. 

9. Draw influence for shear force in simply supported beam at left quarter span

Expected Answer:


10. Draw influence line diagram for bending moment at mid span of cantilever beam when fixed at left end. 

Expected Answer: 
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PART – B ( 3 x 10 = 30 Marks)

11. [image: image35.png]


Using principle of virtual work, find the deflection and slope at quarter span of simply supported beam of span of span ‘L’ when loaded with udl of intensity w/unit length throughout the span.
(10)
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From the principle of virtual work, the virtual work equation is

[image: image2.png]m M dx
El





For this problem
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Substituting and integrating:
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12. Find the vertical displacement of joint ‘U1’ of the plane truss subjected to the load as shown in fig. 1. The figures in the parenthesis show the area of cross section of the members in mm2. Take E=200 GPa.
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Member forces due to unit virtual load at U1
Using method of joint, the member force ki are found as given in the table. After finding ki, Member forces have been found by multiplying ki with 200 by assuming principle of superposition is valid. 
	Joint
	Member
	Force Diagram
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From the principle of virtual work, the virtual work equation for truss is
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Where i  denotes member number, k is the internal member forces (virtual) due to virtual load,  [image: image15.png]


 is the real displacement of ith  member due to real load.

E=200Gpa = 200 x 109 N/m2 = 200 x 109 x 10-3 x 10-6 = 200 kN/mm2
	Member
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(kN)
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(mm)
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	[image: image21.png]k;FiL,
AE





	1
	2.0
	400
	2000
	80
	200
	100

	2
	-2.236
	-447.2
	2236
	120
	200
	93.161

	3
	0
	0
	1000
	40
	200
	0

	4
	2
	400
	2000
	80
	200
	100

	5
	0
	0
	2236
	40
	200
	0

	6
	-2.236
	-447.2
	2236
	120
	200
	93.161

	7
	0
	0
	2000
	40
	200
	0

	8
	2.0
	400
	2000
	80
	200
	100

	9
	0
	0
	2828
	40
	200
	0

	10
	-2.236
	-2.236
	2236
	120
	200
	0.466
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 =
	486.788mm
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13. Determine the horizontal displacement at support D of the frame shown in fig. 4. Relative I values are indicated along the members. E=200x106 kN/m2 and 
I = 300x10-6 m4. Use the principle of virtual work.
(10)
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From the principle of virtual work, the virtual work equation is
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For this problem
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Substituting and integrating:
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14. A system of moving loads crosses a girder of 36m span which is simply supported at it ends. The loads and their distances are as follows:

	Wheel Load (kN)
	10
	
	10
	
	20
	
	20
	
	16

	Distance between loads (m)
	
	3
	
	4.5
	
	4
	
	3.5
	


[image: image54.png]= 486.788mm



If loads move from left and 16kN load is the leading load,  Determine 1). the maximum bending moment at the left quarter span, 2). Absolute maximum bending moment. For each case, make a sketch of the girder showing corresponding position of the loads clearly.
(10)
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STEPS.

a) For determining max BM at 9m (point D)

1 Find the critical load. 

2 Place critical load 9m and Calculate BM at 9m

b) For determining absolute max BM

1 Find the critical load. 

2 Find the location of Resultant.

3 Position the load system such that midpoint between resultant and critical load coincides with mid span on the girder.

4 Caculate BM under the critical load which would be the absolute maximum bending moment.

Step 1 Critical load. Left span = 9m  and right span 27m

	S.No.
	Load on left span (kN)
	Avg load on left span
	Avg load on Right span
	Load on right span (kN)

	1
	20+20+16 
= 56
	6.22
	0
	0
=   0

	2
	10+20+20
= 50
	5.56
	0.59
	16
= 16

	[image: image56.png]


3
	10+10+20
= 40
	4.44
	1.33
	20+16
= 36

	4
	10+10
= 20
	2.22
	2.07
	20+20+16
= 56

	5
	10
= 10
	1.11
	2.44
	10+20+20+16
= 66

	6
	0
=   0
	0
	2.81
	10+10+20+20+16
= 76


The 10kN (near 20 kN) is the critical load
a) For determining max BM at 9m (point D)

Step 1 : Find Critical load
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Step 2 – Place critical load 9m and Calculate BM at 9m 
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BM under the critical load = (10*4.5)+(10*6.75)+(20*5.625)+(20*4.625)+(16*3.75) = 377.5 kNm

For determining absolute max BM

Step 1 Critical load. Left span = 18m  and right span 18m

	S.No.
	Load on left span (kN)
	Avg load on left span
	Avg load on Right span
	Load on right span (kN)

	1
	10+10+20+20+16 
= 76
	4.22
	0
	0
=   0

	2
	10+10+20+20
= 60
	3.33
	0.89
	16
= 16

	3
	10+10+20
= 40
	2.22
	2
	20+16
= 36

	4
	10+10
= 20
	1.11
	3.11
	20+20+16
= 56

	5
	10
= 10
	0.56
	3.67
	10+20+20+16
= 66

	6
	0
=   0
	0
	4.22
	10+10+20+20+16
= 76


The 20kN (near 10kN) is the critical load

Step 2 – Resultant load and its location
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 from left end of the load system.








Step 3 – Position the load system








Step 4 – Calculate the BM under the critical load which is at 17.776m from left end.




BM under the critical load = (10*5.13)+(10*6.68)+(20*8.99)+(20*7.05)+(16*5.35) = 524.5 kNm

---- End ----[image: image34.emf]  A  
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ILD at midspan for Bending moment
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BMD due to unit virtual load at D


RA=0.75kN


RB=0.25kN


m1 = 0.75 x1             0 ≤ x1 ≤  � QUOTE � ���





m2 = 0.25 x2             0 ≤ x2 ≤  � QUOTE � ���








BMD due to given real load


RA=� QUOTE � ���


RB=� QUOTE � ���


M1 = � QUOTE � ���     0 ≤ x1 ≤  � QUOTE � ���





M1 = � QUOTE � ���   0 ≤ x2 ≤  � QUOTE � ���








Deflection at the quarter span is    � QUOTE � ���








Fig. 1
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Vertical Deflection at the joint U1 is    � QUOTE � ���
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Fig. 2
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BMD due to unit virtual load at D


VA=0    HA= -1kN    


VD=0





m1 =  x1             0 ≤ x1 ≤  � QUOTE � ���


m2 = 4                 0 ≤ x2 ≤  6





m3 = 1(2+ x3)        0 ≤ x3 ≤  2


m4 = 1(x4)               0 ≤ x4 ≤  2











BMD due to given real load


VA= -33.333kN    HA= -100kN    


VD=  33.333kN





M1 =  0                           0 ≤ x1 ≤  � QUOTE � ���


M2 = 33.333 x2          0 ≤ x2 ≤  6





M3 = 200                     0 ≤ x3 ≤  2


M4 = 100(x4)             0 ≤ x4 ≤  2
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Horizontal displacement at support D  is    � QUOTE � ���
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Ordinates under the loads are shown
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Maximum Bending moment at 9m is 377.5 kNm





c = 1.053m [between Resultant and critical load]
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ILD for BM under critical load (at 17.474m from left).
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Absolute Bending moment is 524.5 kNm








